In the present report, we describe a case of long-term follow-up esophageal stricture occurring in a patient with nasogastric tube use. A 63-year-old man who had experienced dislocation of the 6th and 7th cervical vertebrae as the result of an external injury received treatment at another hospital and was admitted to the rehabilitation department of our hospital. After he exhibited normal swallowing in a videofluoroscopic swallowing test, the nasogastric tube was removed and oral feeding with a dysphagia diet was initiated. However, during oral feeding, the patient complained of swallowing difficulties in his lower throat. An esophagogastroduodenoscopy was performed to examine the lesions below the pharynx and a 2-mm stricture was observed. A balloon dilatation was performed for a total of 9 times to extend the stricture. After the procedure, the patient was able to easily swallow a normal diet through the esophagus and the vomiting symptoms disappeared. An esophagography showed that the diameter of the esophageal stricture was 11 mm.
INTRODUCTION
Enteral nutrition is defined as the administration of complete nutritional preparations into the stomach either orally or by using tubes [1] . Tube feeding should be considered when a patient cannot orally consume food but has a normally functioning gut. Although there are several kinds of feeding tubes, nasogastric (NG) tubes are commonly used, because they can be easily placed without the need for surgery. However, gastrointestinal, respiratory, and metabolic problems can arise from artificial feeding through an NG tube [2] . Because multiple complications may occur during the long-term use of NG tubes, it is necessary to change to other methods with fewer complications, such as gastrostomy or enterostomy, when tube feeding will be required for more than 3 to 4 weeks [3] .
Esophageal strictures associated with the use of NG tubes have rarely been reported in the literature in other countries [4, 5] . In Korea, case reports have described balloon dilatation of esophageal strictures that originate from other causes than the use of NG tubes [6, 7] . In the present report, we describe a case of esophageal stricture www.e-arm.org developing after the long-term use of a NG tube in a patient who was admitted to the department of rehabilitation.
CASE REPORT
A 63-year-old man presented to the emergency room of another hospital with muscle weakness of the limbs after a cow struck his neck and chest. Magnetic resonance imaging of the cervical spine performed at that time revealed a dislocation of the 6th and 7th cervical vertebrae. An anterior internal fixation was conducted from the 6th cervical vertebra to the 1st thoracic vertebra on the day of the injury and a conservative treatment that involved maintaining a supine position was recommended. The patient was admitted to our hospital for rehabilitation treatment 99 days after the injury. The neurological level of injury was determined to be C5 according to the American Spinal Injury Association Impairment scale B. At that time, the patient was using an NG tube. A videofluoroscopic swallowing (VFS) test was attempted at 1 week after admission, but the test could not be performed because the patient could not remain in the required position. Hence, the test was performed 128 days after injury, after confirming that the patient could maintain the required position for the procedure. The oropharyngeal examination during the VFS test showed that the swallowing reflex and processes had progressed without any abnormal findings; therefore, the NG tube was removed and the oral feeding of a dysphagia diet was initiated.
The patient complained of swallowing during the feeding because of food stuck in the throat; moreover, he experienced intermittent vomiting after the feeding. The ability to swallow at that time was estimated to be of grade 2 on the Functional Oral Intake Scale (FOIS) [8] . A laryngoscopy performed 3 days prior to the occurrence of symptoms revealed no abnormal findings like as laryngeal swelling. First, the patient underwent a surgery to treat a concomitant complaint of sore coccyx. Subsequently, an esophagogastroduodenoscopy (EGD) was performed 27 days after the initiation of oral feeding. This EGD indicated a stricture at 35 cm below the inferior pharyngeal constrictor muscle and was unable to reach beyond this point (Fig. 1) . The patient had no history of dysphagia prior to his injury, received no medications inducing endoscopy or stenosis before or after the injury and had no history of medical irradiation. Therefore, his stricture was suspected to be related to the NG tube. The patient was kept in a sitting position of 45° and antiulcer medication was added. The following day, a computed tomography of the chest was performed to examine a transverse section of the esophageal stricture. No mediastinal mass was www.e-arm.org observed, but a diffuse submucosal edema was present at the left, upper lobar bronchus level of the esophagus and the lumen was narrowed. A balloon dilatation was performed to extend the stricture. EGD-guided insertions of balloon catheters were performed; twice at 1 kPa for 1 minute and twice at 2 kPa for 1 minute, thus achieving a dilation of approximately 7 mm. The resulting esophagogram revealed an increase of the stricture lumen diameter by 3 mm. The patient's symptoms improved, but recurred after 1 day; therefore, a follow-up esophagography was performed. The procedure revealed that the diameter of the stricture had increased after the procedure, but the stenosis still remained. Therefore, an esophageal resection and a reconstruction with the left colon were recommended. However, the patient and his family consented to the surgery, especially and particularly because it would be considered as high risk due to his history of flail chest. A high risk of postoperative complications was also expected. Thus, the balloon dilatation was performed for a total of 4 times at our hospital. After the last balloon dilatation procedure, the patient's symptoms improved to grade 4 on the FOIS scale and an extension of 5 mm was observed for the lumen of the esophageal stricture by esophagography (Fig. 2) . After discharge from our hospital, the patient regularly received balloon dilatation at another hospital for a total of 5 times. Each of the dilations was done for one minute for two times, similarly to the procedure in our hospital. Currently, his esophageal stricture is extended to 11 mm in diameter and the swallowing symptoms he experiences during meals have improved to grade 6 on the FOIS scale (Fig. 3) .
DISCUSSION
The etiology or pathogenesis of esophageal stricture associated with NG tubes has not yet been fully elucidated. In particular, many studies have addressed the role of gastroesophageal reflux in such cases. Nagler et al. [9] suggest that the esophageal acid clearance is delayed in subjects lying in the supine position because of the lack of gravitational components acting on the esophageal emptying mechanisms. After being transferred to our hospital, the patient in the present case was predominantly maintained in the supine position until the rehabilitation treatment was completed. This appears to have increased the frequency of gastroesophageal reflux and thereby caused the stricture.
When the patient was diagnosed with esophageal stricture, a series of conservative treatment was provided. The patient had to change his posture and got more medication. However, it had been reported that such treatment has an insignificant effect [4] . The unresponsiveness of an esophageal stricture to conservative treatments, such as medication, is a severe complication that requires intervention. The balloon dilatation is the most common initial treatment for NG tube-related esophageal strictures. Its success rate is dependent upon the stricture length [8] . Patients with a short stricture length in whom a satisfactory dilatation can be achieved can be treated with dilatation only. However, when a stricture is long and does not respond to dilatation, it is strongly advisable to proceed with an esophageal resection and a left colon interposition. At present, after 9 dilatations, the patient's esophageal diameter improved to 11 mm and his state improved to grade 6 on the FOIS. However, Egan et al. [10] reported that dilations of the esophageal diameter from 1.3 to 2.0 mm can provide relief in 85%-93% of patients with dysphagia. However, this study was conducted in the United States based on the reference data of this country and these results may differ in Korean individuals due to the different body types and dietary habits. To address this issue, we believe that further study is necessary to investigate the results of long-term follow-up.
In conclusion, we reported a case of long-term followup esophageal stricture that occurred after the use of a NG tube. Although there is only a rare occurrence of Fig. 3 . Follow-up with the Functional Oral Intake Scale, and stricture diameter after repeated ballooning dilatations.
www.e-arm.org esophageal stricture complications, its severity is remarkably high. Therefore, the maintenance of a sitting position and the administration of preventive ulcer drugs are necessary to prevent the esophageal reflux in patients with NG tube feeding. Moreover, the duration of a NG tube placement should be limited to 1 month. If this is not feasible, we recommend changing the method of feeding to a gastrostomy in accordance to the appropriate clinical judgment.
